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(57) ABSTRACT 
A method of treating a disorder, typically a gastrointestinal 
disorder, that includes implanting stem cells and/or progeny 
thereof into a gastrointestinal organ of a subject. Also, a 
method of producing enhanced levels of insulin that includes 
irnplanting stem cells and/or progeny thereof into the pan 
creas of a subject. 
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TREATMENT OF DISORDERS BY IMPLANTING 
STEM CELLS AND/OR PROGENY THEREOF INTO 

GASTROINTESTINAL ORGANS 

[0001] This application claims the bene?t of US. Provi 
sional Application Serial No. 60/196,806, ?led Apr. 13, 
2000, and US. Provisional Application Serial No. 60/232, 
301, ?led Sep. 12, 2000, Which are incorporated herein by 
reference in its entirety. 

BACKGROUND 

[0002] Degeneration of speci?c types of neurons in the 
central nervous system (CNS) or the enteric nervous system 
(ENS) results in several major disorders. In Parkinson’s 
disease (PD), dopaminergic neurons are lost in the substanita 
nigra of the brain, leading to impairment of coordination of 
skeletal muscle movement. It has been demonstrated that 
there is a loss of dopaminergic neurons in the colon of PD 
patients With constipation. In achalasia, Hirschsprung’s dis 
ease, and congenital pyloric stenosis, loss of nitric oXide 
producing neurons (nitrinergic) is Well documented. This 
nitrinergic loss leads to the inability of the gastrointestinal 
(GI) smooth muscle to relaX, resulting in severe motility 
disorders. 

[0003] An exciting neW strategy of treatment is to replace 
these losses by implanting neurons into the affected areas. 
For eXample, implantation of fetal neurons into the brain of 
PD patients has resulted in the improvement of motor 
function. HoWever, anatomical and functional contacts of 
these implanted cells With striatal neurons could not be 
clearly demonstrated because of dif?culty in identifying the 
implanted neurons and because no functional assay for 
connectivity Was available. Use of fetal tissue has severe 
limitations. The supply of human fetal tissue is restricted and 
a potential eXists for host/graft rejection of the implanted 
neurons. 

[0004] Neurodegenerative disorders of the CNS, such as 
PD, AlZheimer’s disease, multiple sclerosis, and Hunting 
ton’s disease are common problems in clinical practice. 
Besides the Well-known enteric nervous degenerative dis 
orders such as achalasia, Hirschsprung’s disease, and con 
genital pyloric stenosis, several other common gastrointes 
tinal disorders, e.g., re?uX disease, irritable boWel 
syndrome, and intestinal pseudo-obstruction are increas 
ingly recogniZed as related to disordered enteric neurons. 

[0005] The enteric nervous system (ENS) is a part of the 
peripheral nervous system and consists of neuronal cell 
bodies, their ?bers, and supporting cells located Within the 
Wall of the GI tract. These cell bodies are arranged in tWo 
major ganglionated plexuses, a peripheral myenteric (Auer 
bach’s) betWeen the circular and the longitudinal muscle 
layers, and a submucosal (Meissner’s) pleXus in the submu 
cosal connective tissue betWeen the muscularis mucosa and 
circular muscle. For the most part, the myenteric neurons 
provide eXcitatory (acetylcholine and SP) and inhibitory 
(nitric oXide, VIP, CGRP, and ATP) transmitters to the gut 
smooth muscle. The tone of the gut muscle depends on the 
summated in?uence of the opposing actions of these neu 
rotransmitters. 

[0006] Current treatment options for neurodegenerative 
gastrointestinal disorders are very limited. Thus, there is a 
need for neW treatment protocols for gastrointestinal disor 
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ders that involve neurons, muscle tissue, or other tissues, as 
Well as other disorders that are related to gastrointestinal 
organs. 

SUMMARY 

[0007] The present invention is directed to a method for 
the treatment of disorders using stem cells and/or progeny 
thereof for implantation into a gastrointestinal organ of a 
subject (preferably, a mammal, and more preferably, a 
human). The spectrum of disorders in Which such treatment 
Will be useful includes, but is not limited to, degenerative, 
immunologic/in?ammatory, neoplastic, and idiopathic con 
ditions of the gastrointestinal tract that may be either con 
genital or acquired. Thus, the disorders include any of a 
variety of gastrointestinal disorders that involve, for 
eXample, neurons as Well as muscle tissue, although other 
tissues can be involved as Well. Other disorders that are 
related to the function or dysfunction of a gastrointestinal 
organ can also be treated using the method of the present 
invention. 

[0008] Gastrointestinal organs include holloW and solid 
organs. HolloW gastrointestinal organs include those that 
make up the alimentary tract, such as the mouth, esophagus, 
stomach, and boWels. Solid gastrointestinal organs include 
those that drain into the gastrointestinal alimentary tract, 
such as the liver, gall bladder, and pancreas. 

[0009] As used herein, treating a gastrointestinal disorder 
includes both therapeutic and prophylactic (i.e., preventive) 
treatment. The success of such a treatment can be deter 

mined by evaluation of the functional status of an organ or 
a patient as determined by clinical outcome and/or morpho 
logical analysis. 
[0010] Speci?cally, the present invention provides a 
method of implantation (e.g., transplantation) of stem cells 
(preferably, multipotent or totipotent stem cells) into a 
gastrointestinal organ (e.g., the gastrointestinal alimentary 
tract or solid organs that drain into the alimentary tract) for 
purposes of repopulating various cellular components (such 
as the neurons, muscles, or other cell types) and/or providing 
a source of biological material (e.g., neurotransmitters, 
cytokines, anticytokines, groWth factors, immune modula 
tors, antiin?ammtory agents, antineoplastic agents, analge 
sics, etc.) for therapeutic intent. The source of these stem 
cells can be embryonic or adult neural and non-neural tissue 
(e.g., bone marroW or fat tissue). 

[0011] The implantation can be carried out via local injec 
tion, as for eXample into a Wall of the gastrointestinal tract 
or into a solid gastrointestinal organ such as the pancreas or 
liver, by administration into the systemic (e.g., via the blood 
stream or the peritoneal cavity) or portal circulation system, 
or by any other practical means. 

[0012] The present invention also provides a method of 
producing enhanced levels of insulin in a patient. This 
involves implanting stem cells and/or progeny thereof into 
the pancreas, Which is considered a gastrointestinal organ as 
used herein because it is a solid organ that drains into the 
gastrointestinal alimentary tract. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1. A neural stem cell (stained for the neuronal 
marker [3-tubulin) in co-culture With human intestinal 
smooth muscle cells. 
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[0014] FIG. 2. (A) Western blot analysis of rat neural stem 
cells total protein extract. (B) nNOS immunoreactivity in rat 
neural stem cells. 

[0015] FIG. 3. (A) Pseudocolor images of NO production 
after stimulation by ionomycin (1.4 nM) in cultured neural 
stem cells in the presence of L-arginine (1 mM) or L-NAME 
(100 nM). NSCs Were loaded With the NO-sensitive ?uo 
rescent indicator DAF-2 and cells Were vieWed With a 
confocal laser-scanning microscope system, utilizing an 
argon-ion laser (488 nm) coupled to an inverted Nikon 
Diaphot microscope. (B) Relative ?uorescence intensity 
changes re?ecting NO production in 11 cultured neural stem 
cells measured in the presence of L-arginine (1 mM) or 
L-NAME (100 nM). Error bars indicate SD. * p<0.05; ** 
p<0.01 (paired Student’s t-test). 

[0016] FIG. 4. (A) DiI-labelled NSCs 8 Weeks after 
transplantation in the pylorus of Wild C57BL/6J mice. (B) 
Double immuno?uorescence staining of grafted DiI-labelled 
NSCs shoWing colocaliZation of [3-tubulin and nNOS 
(arroWs). LM=longitudinal muscle; CM=circular muscle 

[0017] FIG. 5. (A) Western blot analysis of rat neural stem 
cells total protein extract. (B) Ret immunoreactivity in rat 
neural stem cells. Cell nuclei are counterstained in blue 
(represented by the light areas) as With DAPI (4,6-diami 
dino-2-phenylindole-dihydrochloride). Scale bars=10 pm. 

[0018] FIG. 6. (A) Western blot analysis of rat neural stem 
cells total protein extract (NSC)+positive control. (B) 
GFRotl immunoreactivity in rat neural stem cells. (C) 
GFRot2 immunoreactivity in rat neural stem cells. Cell 
nuclei counterstained in blue (represented by the light areas) 
With DAPI. Scale bars=10 pm. 

[0019] FIG. 7. Ret immunoreactivity in rat neural stem 
cells that Were exposed for 10 days to either neurobasal 
media as control (A) or GDNF, 100 ng/ml (B) Cell nuclei are 
counterstained in blue (represented by the light areas) With 
DAPI. Note the spheroid formation in B. Scale bars=50 pm. 
(C) Graph shoWs signi?cant expansion in RET+ cell popu 
lation under the effects of GDNF at the same concentration. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] The present invention is directed to a method for 
the treatment of gastrointestinal disorders using stem cells 
and/or progeny thereof for implantation into a gastrointes 
tinal organ. Speci?cally, the present invention provides a 
method of implantation (e.g., transplantation) of stem cells 
(e.g., multipotent, totipotent, or pluripotent stem cells) or 
progeny thereof into a gastrointestinal organ (preferably, the 
gastrointestinal alimentary tract) for purposes of repopulat 
ing various cellular components (such as the neurons, 
muscles, or other cell types) and/or providing a source of 
biological material for therapeutic intent. 

[0021] The spectrum of disorders in Which such therapy 
Will be used includes degenerative, immunologic/in?amma 
tory, neoplastic, and idiopathic conditions of the gastrointes 
tinal tract that may be either congenital or acquired. 
Examples include, but are not limited to, achalasia, gastro 
phoresis, intestinal pseudo obstruction, and Hirschsbrung’s 
disease. Preferably, the gastrointestinal disorders can be any 
of a variety of disorders that involve, for example, neurons 
as Well as muscle tissue or other cell types of the gastrointes 
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tinal tract. Further, this invention can also be used to provide 
therapy for disorders that are not traditionally considered 
gastrointestinal disorders but are related to organs that are 
considered gastrointestinal organs (e.g., liver, gall bladder, 
and pancreas) in that the organs drain into the gastrointes 
tinal alimentary canal. Such disorders include diabetes, 
Which can be treated by means of implantation of stem cells 
into the pancreas of a patient to cause enhancement of 
insulin production. 

[0022] The source of the stem cells can be embryonic or 
adult neural and non-neural tissue. Generally, the term 

“neural stem cell” is used loosely to describe cells that: can generate neural tissue or are derived from the nervous 

system; (ii) have some capacity for self-reneWal; and (iii) 
can give rise to cells other than themselves through asym 
metric cell division. An important identifying feature of a 
stem cell is its ability to exhibit self-reneWal or to generate 
more of itself. The simplest de?nition of a stem cell is a cell 
With the capacity for self-maintenance. Amore stringent (but 
still simplistic) de?nition of a stem cell is provided by Potten 
and Loef?er (Development, 110, 1001, (1990)) Who have 
de?ned stem cells as “undifferentiated cells capable of a) 
proliferation, b) self-maintenance, c) the production of a 
large number of differentiated functional progeny, d) regen 
erating the tissue after injury, and e) a ?exibility in the use 
of these options.” The role of stem cells is to replace cells 
that are lost by natural cell death, injury, or disease. The 
presence of stem cells in a particular type of tissue usually 
correlates With tissues that have a high turnover of cells. 
HoWever, this correlation may not alWays hold, as stem cells 
are thought to be present in tissues (e.g., liver) that do not 
have a high turnover of cells. 

[0023] The capability of a cell to divide Without limit and 
produce daughter cells Which terminally differentiate into 
neurons and glia are stem cell characteristics. Accordingly, 
as used herein, a stem cell is capable of self-maintenance, 
meaning that With each cell division, one daughter cell Will 
also be a stem cell. The non-stem cell progeny of a stem cell 
are termed progenitor cells. The progenitor cells generated 
from a single multipotent neural stem cell are capable of 
differentiating into neurons, astrocytes (type I and type II) 
and oligodendrocytes. Some progenitor cells can produce 
progeny that are capable of differentiating into more than 
one cell type. For example, an O-2A cell is a glial progenitor 
cell that gives rise to oligodendrocytes and type II astro 
cytes, and thus could be termed a “bipotential” progenitor 
cell. A distinguishing feature of a progenitor cell is that, 
unlike a stem cell, it has limited proliferative ability and thus 
does not exhibit self-maintenance. 

[0024] Stem cells from neural and other tissues are often 
de?ned by their tissue of origin. Alternatively, they can be 
de?ned by their potentiality (Gage, Science, 287, 1433-1438 
(2000)). Understanding the potentiality of a cell is best 
described in the context of normal human development. As 
described in Stem Cells: A Primer, National Institutes of 
Health, May 2000 can be found on the Internet at nih.gov/ 
neWs/stemcell/primer.htm, human development begins 
When a sperm fertiliZes an egg and creates a single cell that 
has the potential to form an entire organism. This fertiliZed 
egg is totipotent, meaning that its potential is total. In the 
?rst hours after fertiliZation, this cell divides into identical 
“totipotent” cells. This means that either one of these cells, 
if placed into a Woman’s uterus, has the potential to develop 
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into a fetus. In fact, identical twins develop When tWo 
totipotent cells separate and develop into tWo individual, 
genetically identical human beings. Approximately four 
days after fertilization and after several cycles of cell divi 
sion, these totipotent cells begin to specialiZe, forming a 
hollow sphere of cells, called a blastocyst. The blastocyst 
has an outer layer of cells and inside the holloW sphere, there 
is a cluster of cells called the inner cell mass. 

[0025] The outer layer of cells Will go on to form the 
placenta and other supporting tissues needed for fetal devel 
opment in the uterus. The inner cell mass cells Will go on to 
form virtually all of the tissues of the human body. Although 
the inner cell mass cells can form virtually every type of cell 
found in the human body, they cannot form an organism 
because they are unable to give rise to the placenta and 
supporting tissues necessary for development in the human 
uterus. These inner cell mass cells are “pluripotent.” This 
means that they can give rise to many types of cells but not 
all types of cells necessary for fetal development. Because 
their potential is not total, they are not totipotent and they are 
not embryos. Thus, if an inner cell mass cell Were placed into 
a Woman’s uterus, it Would not develop into a fetus (Stem 
Cells: APrimer, National Institutes of Health, May 2000 can 
be found on the Internet at nih.gov/neWs/stemcell/prim 

er.htm). 
[0026] The pluripotent stem cells undergo further special 
iZation into stem cells that are committed to give rise to cells 
that have a particular function. Examples of this include 
blood stem cells Which give rise to red blood cells, White 
blood cells and platelets; and skin stem cells that give rise to 
the various types of skin cells. These more specialiZed stem 
cells are called “multipotent” (Stem Cells: A Primer, 
National Institutes of Health, May 2000 can be found on the 
Internet at nih.gov/neWs/stemcell/primer.htm). 

[0027] Most stem cells fall into the category of multipo 
tent stem cells. Multipotent stem cells can be obtained from 
embryonic, post-natal, juvenile, or adult tissue. The tissue 
can be obtained from a Wide variety of animals, such as 
insects, ?sh, reptiles, birds, amphibians, mammals, and the 
like. The preferred source is from mammals, preferably 
rodents and primates, and most preferably, mice and 
humans. In the case of a heterologous donor animal, the 
animal may be euthaniZed, and the tissue (e.g., neural tissue) 
and speci?c area of interest removed using a sterile proce 
dure. Areas of particular interest, for example, include any 
area from Which neural stem cells can be obtained (e.g., any 
part of the nervous system, bone marroW, etc.). 

[0028] Non-neural stem cells can be obtained from any 
Where in the body as Well as embryonic stem cells. Stem 
cells can be derived from more primitive cells that have the 
capacity to generate neural stem cells and non-neural stem 
cells (i.e., stem cells of other tissues). 

[0029] Stem cells can be obtained from donor tissue by 
dissociation of individual cells from the connecting extra 
cellular matrix of the tissue. Tissue from a particular region 
is removed using a sterile procedure, and the cells are 
dissociated-using any method knoWn in the art including 
treatment With enZymes such as trypsin, collagenase and the 
like, or by using physical methods of dissociation such as 
With a blunt instrument. 

[0030] The stem cells can be cultured in suspension or on 
a ?xed substrate. HoWever, substrates tend to induce differ 
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entiation of the stem cell progeny. Thus, suspension cultures 
are preferred if large numbers of undifferentiated stem cell 
progeny are desired. Suitable culture media capable of 
supporting cell groWth include HEM, DMEM, RPMI, F-12, 
and the like, Which can contain supplements required for 
cellular metabolism such as glutamine and other amino 
acids, vitamins, minerals and useful proteins such as trans 
ferrin, and the like. The culture medium may also contain 
antibiotics to prevent contamination With yeast, bacteria, and 
fungi, such as penicillin, streptomycin, gentamicin, and the 
like. Conditions for culturing should be close to physiologi 
cal conditions (preferably, a pH of about 6 to about 8, and 
a temperature of about 30° C. to about 40° C.). The culture 
medium can be supplemented With at least one proliferation 
inducing groWth factor, such as EGF, amphiregulin, acidic 
?broblast groWth factor (aFGF or FGF-l), basic ?broblast 
groWth factor (bFGF or FGF-2), transforming groWth factor 
alpha (TGF-alpha), and combinations thereof. In addition to 
proliferation-inducing groWth factors, other groWth factors 
may be added to the culture medium that in?uence prolif 
eration and differentiation of the cells including NGF, plate 
let-derived groWth factor (PDGF), thyrotropin releasing 
hormone (TRH), and the like. 

[0031] Additionally, the stem cells, once they have pro 
liferated in vitro, could also be genetically modi?ed in vitro 
using knoWn techniques. The in vitro genetic modi?cation 
may be more desirable in certain circumstances than in vivo 
genetic modi?cation techniques When more control over the 
infection With the genetic material is required. Stem cell 
progeny can be cryopreserved until they are needed by any 
method knoWn in the art. The cells can be suspended in an 
isotonic solution, preferably a cell culture medium, contain 
ing a particular cryopreservant. Such cryopreservants 
include dimethyl sulfoxide (DMSO), glycerol, and the like. 

[0032] AWide variety of genetic modi?cations of the cells 
is Within the scope of the present invention. For example, the 
cells can be genetically modi?ed to express groWth factors 
and other types of neurological agents such as neurotrans 
mitters. When the genetic modi?cation is for the production 
of a biologically active substance, the substance Will gen 
erally be one that is useful for the treatment of a given 
gastrointestinal disorder. For example, it may be desired to 
genetically modify cells so they produce nitric oxide (for 
achalasia). Cells can also be modi?ed in vivo to express 
groWth factor receptors, neurotransmitters or their receptors, 
neurotransmitter-synthesiZing genes, neuropeptides, and the 
like. 

[0033] The stem cells and/or progeny thereof can be 
administered to a host in a Wide variety of Ways. The 
implantation (e.g., transplantation) can be carried out via 
local injection, for example, into the Wall of the gastrointes 
tinal tract, by administration into the systemic or portal 
circulation system, or by any other practical means. The use 
of stem cells in the treatment of disorders such as gas 
trointestinal disorders can be demonstrated by the use of 
animal models. 

[0034] The instant invention alloWs the use of stem cells 
and/or stem cell progeny prepared from donor tissue Which 
is xenogeneic to the host. In general, hoWever, in order for 
xenografts to be successful it is preferred that some method 
of reducing or eliminating the immune response to the 
implanted tissue be employed. Thus, recipients Will often be 
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immunosuppressed, either through the use of immunosup 
pressive drugs such as cyclosporin, or through local immu 
nosuppression strategies employing locally applied immu 
nosuppressants. 

[0035] As an alternative to employing immunosuppres 
sion techniques, methods of gene replacement or knockout 
using homologous recombination in embryonic stem cells 
(as taught by Smithies et al., Nature, 317, 230-234 (1985)), 
and extended to gene replacement or knockout in cell lines 
(H. Zheng et al., PNAS, 88, 8067-8071 (1991)), can be 
applied to stem cells for the ablation of major histocompat 
ibility complex (MHC) genes. Stem cells lacking MHC 
expression Would alloW for the grafting of enriched neural 
cell populations across allogeneic, and perhaps even xeno 
geneic, histocompatibility barriers Without the need to 
immunosuppress the recipient. 

[0036] Cells can be delivered throughout any affected 
area, in particular in a site-speci?c manner (i.e., locally) or 
systemically. Cells can be administered to the particular 
region using any method that maintains the integrity of 
surrounding areas, preferably by local injection. Cells can 
also be administered to the systemic or portal circulation 
system. 

[0037] In addition to stem cells or progeny thereof, phar 
maceutical compositions useful for the methods of the 
present invention can include groWth factors to promote 
groWth and differentiation of stem cells, immunosuppre 
sants, antiin?ammatory agents, etc. Additionally, if desired, 
stem cells or progeny thereof can be encapsulated, as is Well 
knoWn to one of skill in the art. 

[0038] Survival of the graft in the living host can be 
examined using various methods including clinical, radio 
logical, histological, physiological, etc. Non-invasive scans 
can be used, including computeriZed axial tomography 
(CAT scan or CT scan), nuclear magnetic resonance or 
magnetic resonance imaging (NMR or MRI), or positron 
emission tomography (PET) scans. Post-mortem examina 
tion of graft survival can be done by removing tissue, and 
examining the affected region macroscopically, or more 
preferably using microscopy. Cells can be stained With any 
stains visible under light or electron microscopic conditions, 
more particularly With stains that are speci?c for neurons 
and glia. Particularly useful are monoclonal antibodies that 
identify neuronal cell surface markers such as the M6 
antibody Which identi?es mouse neurons. Most preferable 
are antibodies that identify any neurotransmitters, particu 
larly those directed to GABA, TH, ChAT, and substance P, 
and to enZymes involved in the synthesis of neurotransmit 
ters, in particular, GAD. Transplanted cells can also be 
identi?ed by prior incorporation of tracer dyes such as 
rhodamine- or ?uorescein-labeled microspheres, fast blue, 
bisbenZamide or retrovirally introduced histochemical 
markers such as the lac Z gene, Which produces beta 
galactosidase. 

EXAMPLES 

[0039] The folloWing examples are given to illustrate 
speci?c preferred embodiments of the present invention. 
Numerous other variations, hoWever, are Within the scope of 
the present invention. 

[0040] Generation and in vitro culture of rat forebrain 
neural stem cells. Neural stem cells Were obtained from 
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staged-pregnant female HoltZman rats at embryonic day 17. 
The brains of embryonic rats Were removed and the sub 
ventricular Zone tissue (SVZ) Was dissected from each brain 
hemisphere. Single cell suspensions Were then made from 
this tissue using dispase/DNAse treatment and gentle tritu 
ration. The fractions Were combined, pelleted and resus 
pended in Neurobasal medium. After 2-4 hours, the cells 
Were spun doWn and media replaced With NB27 (Neurobasal 
medium containing B27 and antibiotics) plus 20 nanograms 
per milliliter (ng/ml) bFGF and 20 ng/ml EGF. Fifty-percent 
of the culture media Was replaced on a daily basis. 

[0041] Co-immunoprecipitation and Western blotting. 
Total protein extract Was obtained from neural stem cells by 
lysing the cells in a solution containing 5% (sodium dodecyl 
sulfate) SDS, 1 millimolar (mM) benZamidine, 0.5 mM 
phenylmethyl-sulpfonyl ?uoride, 1 mM ethylenediaminetet 
raacetic acid (EDTA) in Tris-buffered saline (TBS) (50 mM 
Tris-HCl [pH 7.5], 150 mM NaCl). Insoluble material Was 
removed by centrifugation at 13,000><g for 10 minutes 
(min.). For co-immunoprecipitation, 500 microgram (ug) of 
protein from Whole cell lysates Was incubated With either 2 
microliter (,ul) of an anti-Ret antibody (sc-167-G, Santa CruZ 
Biotechnology, Santa CruZ, Calif.) and 20 pl of protein 
A-agarose (Boehringer Mannheim, Indianapolis, Ind.) at 4° 
C. overnight. Precipitated aggregates Were resuspended in 
Laemmli’s sample buffer and run on 7.5% SDS-PAGE gels, 
transferred to PVDF membranes (Amersham, Amersham 
Place, UK). They Were incubated With either anti-RET 
tyrosine kinase receptor (Ret) antibody at a dilution of 
1/1000 in 5% dry milk, 0.05% TWeen 20 in TBS for 2 hours 
at room temperature. After the incubation With an horserad 
ish peroxidase (HRP)-conjugated secondary antibody, the 
immunoreactivity Was detected by enZyme catalyZed lumi 
nescent (ECL) kit (Amersham). For a negative control, the 
samples Were treated in the same manner as described above 
except the omission of the primary antibody in immunopre 
cipitation. 

[0042] Immunocytochemistry. For immunocytochemistry, 
neural stem cells Were seeded onto poly-ornithine-coated 
chambered slides (Nunc, Naperville, Ill.) or on a monolayer 
of human intestinal smooth muscle (purchased from ATCC. 
Cells Were ?xed With 100% methanol for 10 minutes at —20° 
C. The folloWing antibodies Were used: anti-[3III-tubulin 
(0.5 pig/ml; Promega Corp., Madison, Wis.) and anti-nNOS 
(1:200 dilution; Santa Crux Biotechnology, Santa CruZ, 
Calif.). Prior to incubations With primary antibodies, cells 
Were blocked With 5% normal goat serum for 1 hour at room 
temperature. Cells Were Washed in phosphate buffer solution 
(PBS) and incubated With primary antibodies diluted in PBS 
containing 1.5% goat serum, overnight at 4° C. Cells Were 
then incubated With the appropriate Alexa-conjugated sec 
ondary antibody (Alexa-488; Alexa-594: diluted 1:500, 
Molecular Probes, Eugene, Oreg.) for 1 hour at room 
temperature. Proper controls Were produced by omitting the 
primary antibodies. 

[0043] Nitric oxide detection. Neural stem cells Were 
plated onto poly-ornithine-coated glass coverslips. The cells 
Were incubated for 1 hour at 37° C. in standard Krebs 
solution containing the NO-sensitive ?uorescent indicator 
DAF-2 DA (10 pM, Alexis Biochemicals, San Diego, 
Calif.). After loading, the cells Were Washed in Krebs and 
placed in Krebs containing L-arginine or L-NAME. The 
cells Were vieWed With a confocal laser-scanning micro 
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scope system, utilizing an argon-ion laser (488 nm) coupled 
to an inverted Nikon Diaphot microscope. 

[0044] Labeling methods and preparation of cells for 
transplantation. To enable the detection of the cells in vivo, 
neural stem cells Were labeled With CM-DiI (Molecular 
Probes, Eugene, Oreg.) according to manufacturer instruc 
tions. After Washing in PBS, the cells Were resuspended in 
PBS at a concentration of 400,000 cells/pl and kept on ice. 
For transplantation, male C57BL/6J Wild-type mice (Jack 
son Laboratories) Weighing ~20 gm Were used. Surgery Was 
performed under deep anesthesia. Mice received 2 pl cell 
suspension bilaterally into the pylorus using a 22G needle 
attached to a 10 pl Hamilton syringe. 

[0045] Tissue processing. At 2, 4, and 8 Weeks after 
transplantation mice Were anesthetiZed and transcardially 
perfused and ?xed With ice-cold 4% paraformaldehyde 
(PFA) in 0.1M PBS. The pylorus Was removed, post-?xed in 
PFA for 1 h at room temperature and cryoprotected in 30% 
sucrose in PBS overnight at 4° C. The tissue Was then 
embedded in optimal cutting compound (OCT) and 15-30 
pm froZen sections Were cut on a cryostat and collected for 
further processing. For double-immuno?uorescence, sec 
tions Were permeabiliZed With 50% glycerol/50% PBS to 
alloW penetration of the antibodies. ColocaliZation of 
?ourescent lipophilic dye DiI With these markers Was con 
ducted by confocal microscopy, using an OZ model confocal 
microscope (Noran Intruments) coupled to an inverted 
Nikon Diaphot microscope. 

[0046] Results and Discussion. Experiments have demon 
strated that neural stem cells (NSCs) isolated from rat 
forebrain can form anatomical contact With intestinal 
smooth muscles in vitro (FIG. 1). 

[0047] Cultured NSCs also express neuronal nitric oxide 
(nNOS) and produce nitric oxide (NO) in vitro (FIG. 2), 
indicating that the use of NSCs is a valid tool to reintroduce 
nNOS in experimental conditions Where there is a functional 
lack of such enZyme. 

[0048] Data has shoWn that NSCs can be successfully 
implanted into the gastrointestinal Wall of Wild type mice 
(FIG. 3) and that they differentiate into nitrinergic neurons 
(expressing NNOS) 2 Weeks after transplantation (FIG. 4). 
NSCs are still viable and NNOS immunoreactive 8 Weeks 
after transplantation (data not shoWn). 

[0049] The ENS, like other peripheral neuronal systems, is 
derived entirely from the neural crest. Crest-derived pro 
genitors are pluripotential and can successfully innervate 
any region of the gut; it is the micro-environment Within the 
gut Wall that appears to be important in determining regional 
specialiZation and differentiation of these cells. Interaction 
of the RET tyrosine kinase receptor expressed by these cells 
With gut-derived neurotrophic groWth factors, GDNF (glial 
cell line derived groWth factor) and neurturin (NTN) (FIG. 
5) is important in this process. This interaction also involves 
a set of extracellular GPI-linked receptors, closely linked to 
RET: the GDNF family receptor (GER) (X1 and (x2 (FIG. 6). 
GDNF acts as a mitogen for these precursors until about 
E12, resulting in an expansion of their number sufficient to 
coloniZe the entire boWel (FIG. 7). Later, it serves as a 
differentiation factor, promoting the development of neurons 
at the expense of glia. 
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[0050] NTN is also an important enteric neurotrophin and 
promotes the proliferation and survival of neuroglial pre 
cursors in vitro, although not as important as RET as shoWn 
by mutations of NTN or its preferred receptor, GFRot2. It is 
postulated that the NTN/GFRot2 system is important for 
maintenance of the mature enteric nervous system While the 
GDNF/GFRotl system is important for its development. 

[0051] The above studies in our laboratory have demon 
strated that neural stem cells (NSC) isolated form the rat 
forebrain express the receptor system for the enteric neu 
rotrophin GDNF and NTN. 

[0052] The foregoing detailed description and examples 
have been given for clarity of understanding only. No 
unnecessary limitations are to be understood therefrom. The 
invention is not limited to the exact details shoWn and 
described, for variations obvious to one skilled in the art Will 
be included Within the invention de?ned by the claims. The 
complete disclosures of all patents, patent documents, and 
publications listed herein are incorporated by reference, as if 
each Were individually incorporated by reference. 

What is claimed is: 
1. A method of treating a disorder comprising implanting 

stem cells, progeny thereof, or combinations thereof, into a 
gastrointestinal organ of a subject affected With the disorder. 

2. The method of claim 1 Wherein the implanted cells 
repopulate neurons, muscles, or other tissues. 

3. The method of claim 1 Wherein the cells provide a 
source of biological material for therapeutic treatment. 

4. The method of claim 1 Wherein the stem cells are 
selected from the group of multipotent, pluripotent, totipo 
tent stem cells, and combinations thereof. 

5. The method of claim 1 Wherein the cells are neural stem 
cells. 

6. The method of claim 5 Wherein the cells thereof are 
derived from embryonic neural tissue, adult neural tissue, or 
combinations thereof. 

7. The method of claim 1 Wherein the gastrointestinal 
organ comprises a solid organ. 

8. The method of claim 7 Wherein the solid gastrointes 
tinal organ is the liver, the gall bladder, or the pancreas. 

9. The method of claim 1 Wherein the gastrointestinal 
organ comprises a holloW organ. 

10. The method of claim 9 Wherein the holloW gas 
trointestinal organ is the mouth, the esophagus, the stomach, 
or the boWels. 

11. The method of claim 1 Wherein implanting cells into 
a gastrointestinal organ of a subject comprises administering 
the cells locally. 

12. The method of claim 11 Wherein administering cells 
locally comprises injecting the cells into a Wall of the 
gastrointestinal tract. 

13. The method of claim 1 Wherein implanting cells into 
a gastrointestinal tract comprises administering the cells 
systemically. 

14. The method of claim 1 Wherein the disorder comprises 
degenerative, immunologic/in?ammatory, neoplastic, or 
idiopathic conditions of the gastrointestinal tract. 

15. Amethod of treating a disorder comprising implanting 
stem cells, progeny thereof, or combinations thereof, into a 
gastrointestinal organ of a subject affected With the disorder 
Wherein the gastrointestinal organ comprises a solid organ or 
a holloW organ. 
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16. Amethod of treating a disorder comprising implanting 
stem cells, progeny thereof, or combinations thereof, into a 
gastrointestinal organ of a subject affected With a disorder 
comprising degenerative, immunologic/in?ammatory, neo 
plastic, or idiopathic conditions of the gastrointestinal tract, 
Wherein the implanted cells repopulate neurons, muscles, or 
other tissues. 

17. A method of producing enhanced levels of insulin in 
a subject comprising implanting stem cells and/or progeny 
thereof into the pancreas of the subject. 
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18. The method of claim 17 Wherein the stem cells are 
selected from the group of multipotent, pluripotent, totipo 
tent stem cells, and combinations thereof. 

19. The method of claim 17 Wherein the cells are neural 
stem cells. 

20. The method of claim 17 Wherein the cells thereof are 
derived from embryonic neural tissue, adult neural tissue, or 
combinations thereof. 


